, or dark. Growth (dry weight or colony size) was not affected by combined Blacklight Blue and Cool White fluorescent lamps) either illumination. None of numerous regimes of diurnal temperature cycles continuously or 12 hr daily, produced at least four times as many sporangia enhanced sporulation more than constant temperatures. Optimal as were produced by cultures in the dark on sterol media, or in the light or sporangium production requires incubation on media with sterol at 14-16 C dark on media not amended with sterol. Chlamydospores were produced in the light; optimal chlamydospore production requires incubation at most abundantly in the dark on V8 sterol agar or broth, with production 24-25 C in the dark on media with sterol.
Additional key words: soil fungi, sporulation, reproduction.
Phytophthora lateralis Tucker and Milbrath is the causal agent
Media. V8 broth and agar were prepared with commercial V-8 of a root rot disease affecting native stands of Chamaecyparis juice (Campbell Soup Co., Camden, NJ 08101) and clarified by lawsoniana (Murr.) Parl. along the Pacific coast of Oregon and centrifugation (1,000 g for 10 min) and filtration through Whatman California and numerous horticultural cultivars of Chamaecyparis GF/A glass-fibre paper (Whatman, Inc., Clifton, NJ 07014). V8 distributed by the ornamental plant industry (8,10). In the agar and broth contained clarified V-8 juice, 100 ml; CaCO 3 , 0.1 g; spectrum of growth rates characteristic of the various Difco agar, 17 g (deleted in broth); and distilled water, 900 ml. V8 Phytophthora spp., that of P. lateralis may be classified among the sterol agar and broth were prepared as above, except with only 890 slowest (14). Host resistance and fungal survival studies, which ml distilled water and, unless otherwise indicated, 0.02 g /3-sitosterol require quantities of inoculum, have been impeded by the time (Sigma Chemical Co., St. Louis, MO 63178) dissolved in 10 ml hot consuming process of inoculum production.
95% ethanol. Control media in some experiments contained Sterols play an important role in the development and ethanol (95%, 10 ml/ L) without sterol. Media were autoclaved 20 reproduction of several pythiaceous fungi. The literature on this min at 121 C, and 7-ml aliquots were pipetted into 6-cm-diameter subject is abundant (4). The reproduction of numerous plastic petri dishes. Phytophthora spp. is influenced by light (7, 15, 17) Fungus culture. Petri dishes with agar medium were seeded by The relationship of light and sterol on sporulation of inverting a 5-mm-diameter disk of corn meal agar cut from the Phytophthora spp. was investigated. Hendrix (3) studied periphery of a 7-to 12-day-old colony of P. lateralis. Broth cultures sporulation by two Phytophthora spp. and found that sporangium were seeded by adding a homogeneous suspension of P. lateralis production on a medium with sterol was higher in illuminated than (prepared from 9-to 15-day-old colonies grown on V8 broth and in unilluminated cultures. Merz and Vickers (6) reported partial comminuted in a Servall Omnimixer [Sorvall Instruments, reversal of the inhibitory effect of light on oospore formation by Newtown, CT 06470]) to autoclaved, cooled medium prior to four Phytophthora spp. when sterol was added to the culture dispensing it to petri dishes. medium; at any of the concentrations of sterol tested, production of Measurement of growth and sporulation. Dry weights of oospores was never as great in the light as in the dark. Englander colonies in liquid medium were determined by vacuum filtration on and Turbitt (1) found that near-ultraviolet light stimulated tared Whatman No. 1 filter papers, flushing unassimilated production of chlamydospores by P. cinnamorni only when the nutrients with measured amounts of water, and drying the filters to culture medium contained sterol. None of the concentrations of a constant weight at 75 C. Growth as increase in colony area was sterol tested (1-200 mg/ ml) enhanced chlamyd0opore production in determined on agar cultures by periodically marking the the dark.
peripheries of the colonies on the bottoms of the petri dishes and In view of the significant effects of light'and sterols on other later tracing these outlines with a planimeter. pythiaceous species, their effects on P. lateralis were examined.
Production of chlamydospores and sporangia was determined directly on cultures grown in agar or from samples of comminuted MATERIALS AND METHODS colonies when cultures were in liquid medium. After the prescribed incubation period, cultures were killed and fixed by flooding with a Isolates. P. lateralis isolate PL 11 was used in all experiments thin layer of FAA (formaldehyde, 48 ml; acetic acid, 40 ml, 95% reported here. Three other isolates, PL 12, 14, and 17, also were ethanol, 352 ml; and distilled water, 360 ml;. In each agar culture included in the final experiment. All P. lateralis isolates were from spores were counted in 20 microscope fields, delineated by an diseased, native C. lawsoniana, and their pathogenicity was ocular counting grid (each field 0.5 mm 2 ), spaced uniformly along confirmed by inoculating rooted C. lawsoniana cuttings in the radii drawn below each colony, so that no preference was given to greenhouse.
hyphae of a particular age. Colonies from broth cultures were transferred to an 8-ml-capacity Servall Omnimixer cannister 0031-949X/80/07065005/$03.00/0 containing 5 ml of water and comminuted for 30 sec at 70% @1980 The American Phytopathological Society (rheostat-controlled) line voltage. The resultant suspension was diluted to 250 ml in a volumetric flask and, immediately following level was 680 AW cm-2 . In experiments to test the effect of light agitation, four 0. l-ml samples were pipetted onto depression slides, intensity on sporulation, layers of gauze were arranged between Sporangia and chlamydospores were counted microscopically.
lights and cultures to adjust intensity to the desired levels. Criteria for counting spores were: sporangia at least 20 ,m long, Measurements were made with a combination Quantum/ Radiosymmetrical, and containing cytoplasm and chlamydospores at meter/Photometer (Lambda Instruments, Lincoln, NE 68504). least 20 vm in diameter, and containing cytoplasm. Occasionally, Dark incubation was on a gradient device in an opaque enclosure. chains of swollen cells, resembling sporangia, but shorter (<20 ,m) and irregularly shaped, were observed in some treatments. These RESULTS were not included in spore counts. Frequently, clusters of small (5-10 bm maximum dimension) asymmetric structures, devoid of Effect of sterol concentrations on growth and sporulation. P. cytoplasm, were found. These were considered to be undeveloped lateralis colony dry weights were determined at 2-day intervals or abortive chlamydospores and were not included in spore counts.
from cultures grown in the dark at 20 C in V8 broth, either unThere were three or four replicate cultures in each treatment except amended, or amended with ethanol (sterol solvent), or with various in the alternating temperature experiment in which, due to the concentrations of /3-sitosterol dissolved in ethanol. By the 6th day unique temperature regime at any given location on the similar dry weights were obtained from all treatments in which the temperature gradient device (5), replication was not possible. Each medium had sterol and in the medium with ethanol, and these were experiment was conducted at least twice, although in some substantially greater than weights obtained from the unamended experiments, where noted, a different medium (V8 agar instead of V8 broth. This differential was consistent throughout the 14th day V8 broth) was used.
of incubation when sampling was terminated (Table 1) . Beginning Temperature and light. The effect of temperature was on the 4th day, occasional chains of swollen cells appeared along determined by incubation of cultures on temperature gradient the hyphae, but only in cultures in media with •< 10 Mg/ml devices (5). These devices are sheets of metal with thermostatically supplemental sterol. By the 6th day these structures were evident in controlled temperatures individually maintained at each edge, all media, but in cultures grown in media with 20 Mg! ml providing rows of isothermal lines which allow the replication of supplemental sterol there were also some terminally located, lightly cultures at selected temperatures. In experiments with diurnal pigmented, large chlamydospores. After 8 days, numerous large, temperature regimes, a temperature gradient was alternately heavily pigmented intercalary chlamydospores were evident established in one direction for 12 hr, and then switched to a direction perpendicular to the previous direction of the gradient for 12 hr, after which the cycle was repeated. Thus, cultures at each location on this device were subjected to unique diurnal A.V 8 sterol agar temperature cycles. Temperatures on gradient devices were 400-monitored with thermocouples attached to the metal sheets at 0 Light 24 hr/day various locations and readings were made periodically with a A Light 12 hr/day calibrated temperature potentiometer (Leeds and Northrup Co., 0 Dark 24 hr/day North Wales, PA 19454). Throughout the incubation period on gradient devices maintaining a temperature gradient in one 300-direction only, variation in temperature on any given isothermal line was typically < 0.5 C on unilluminated cultures, and < 1.5 C on illuminated cultures. Variation on the device providing diurnal temperature regimes was typically < 1.0 C in the dark and < 1.5 C under illumination. 18 C) , that time, numerous mature chlamydospores had formed on with the optimum at approximately 15 C. Chlamydospores were cultures in media amended with I or 2 -sg/ml but only at the produced most abundantly by cultures grown in the dark on V8 margins of colonies, whereas numerous chlamydospores were sterol agar with the optimum temperature being approximately uniformly distributed throughout the colonies in media amended 24-25 C (Fig. 2) . The number of chlamydospores was greatly with >2 < 10 /Ag/ml sterol. After 19 days, chlamydospore reduced in cultures on V8 sterol agar in either continuous or 12 hr production was significantly higher when at least 2 yg/ml of light daily. Few chlamydospores were observed in cultures on V8 supplemental sterol was present in the medium, and highest agar without supplemental sterol, either in the light or in the dark. numbers of spores were found in medium with 20 Mg/ml Evaluations ofsporangiumandchlamydosporeproductionwere supplemental sterol (Table 1) .
repeated in similar illumination regimes and incubation Sporangia were not observed in cultures in which temperatures, but with cultures in liquid media (V8 broth and V8 chlamydospores were counted after 19 days of incubation. sterol broth). The same temperature optima and similar Remaining cultures from each treatment medium above were relationships between spore production, illumination treatments, incubated at room temperature (18-20 C) under fluorescent light and sterol were obtained in liquid media as on agar media. for 7 days, after which sporangia were found in all treatments.
Growth, measured as dry weight, was similar over a broad range Production was significantly higher in medium with > 10 4g/ ml of temperatures (approximately 11-24 C), whereas colony size supplemental sterol ( Table 1) .
increased with increasing temperatures between approximately Interaction of light and sterol. Since illumination so markedly affected initiation of sporangium formation, further studies were made on the effect of illumination on sporangium and chlamydospore production. bars through data points designate confidence intervals, P = 0.05.
10-22 C (Fig. 3 ). There were no differences in growth due to was negligible in cultures illuminated 12 hr daily, regardless of the incubation in the light or dark at most temperatures tested, temperature regime. however, there was a slight increase in the maximum temperature Chlamydospore production at various light intensities. The for growth on dark-incubated cultures (approximately 26 C) from inhibitory effect of light on chlamydospore production reported that measured on illuminated cultures (approximately 25 C).
here for P. lateralis may be due to high light intensity, whereas Diurnal light and temperature regimes. The effect on sporulation lower intensities might not affect, or may stimulate, production of of diurnal temperature and light regimes was investigated by these spores. incubating cultures on alternating temperature gradient devices.
Cultures were incubated on V8 sterol agar at 25 C in the dark or There was no distinct optimum temperature regime for sporangium in light with intensities of 85, 170, 340, and 680 AW cm-2 . production, but at least three times as many sporangia were Chlamydospore production at 85 )uW cm-2 was only 38% of that produced on illuminated (12 hr daily) cultures at the 18.6/16.2 C produced by dark-incubated cultures, and even fewer cycle than on cultures incubated continuously in the dark at any chlamydospores were produced at higher light intensities (Table 4) . temperature regime (Table 2) . Frequently, abortive sporangia
Isolates. Three otherisolates of P. lateralis were similar to isolate (described above) formed, primarily on cultures incubated PL 11 in their responses to light and supplementation of V8 agar continuously in the dark at temperatures between 15-20 C; these with sitosterol (Table 5 ). All isolates produced more sporangia in spores were not included in the data in Table 2 . When this light on medium with added sterol than in the dark or on medium experiment was repeated, sporangia were most prevalent on without added sterol. All isolates produced more chlamydospores illuminated cultures, in regimes with temperatures between on sterol-amended medium in the dark than on medium not 15.0-19.5 C.
amended with sterol or on sterol-amended medium incubated in Chlamydospores were produced sparsely on illuminated the light. While temperature optima among isolates were not cultures, and these primarily at cycles with 22.0-24.6 C during studiedandmayvaryaswithotherPhytophthora spp. (9,16), these either the illuminated or dark period (Table 3) . However, large results indicate that the behavior of isolate PL 1 1 is typical of numbers of chlamydospores developed on cultures incubated isolates of P. lateralis. continuously in the dark in a wide range of diurnal temperature regimes. Chlamydospore production was most abundant at a 
DISCUSSION
Northwest coastal regions. The optimum temperature for chlamydospore production was 24-25 C, which is approximately We found an interaction between light and sterol in the the maximum temperature for linear growth and dry weight production of sporangia and chlamydospores by P. lateralis, increase. Apparently, chlamydospores are produced as a Illumination ofcolonies greatly enhances production of sporangia, mechanism for survival in high temperatures, and this supports and inhibits chlamydospore formation, but only when the fungus is Trione's (11) hypothesis that chlamydospores are an important grown on media with sterol.
means of oversummering for P. lateralis.
P. lateralis appears to produce sporangia in response to light and sterol similarly to two species studied by Hendrix (3). In V8 agar LITERATURE CITED and broth media not supplemented with sterol, chlamydospore production by P. lateralis was sparse, irrespective of the illumi-
